Megakaryocyte growth and development factor (MGDF) has recently been identified as a ligand for the c-mpl receptor. Using retroviral-mediated gene transfer, MGDF has been overexpressed in mice to evaluate the systematic effects due to chronic exposure to this growth factor. MGDF overexpressing mice had more rapid platelet recovery than control mice after transplantation. Following this recovery, the platelet levels continued increasing to fourfold to eightfold above normal baseline levels and remained elevated (fivefold above control mice) in these animals, which are alive and well at more than 4 months posttransplantation. Increased megakaryocyte numbers were detected in a number HE c-mpl proto-oncogene is a member of the cytokine receptor super family and has been implicated in megakaryop~iesis."~ Methia et al" showed that c-mpl transcripts could be detected in CD34+ cells, megakaryocytes, and platelets. These investigators also showed that exposure of CD34+ cells to c-mpl-specific antisense oligodeoxynucleotides inhibited megakaryocyte colony formation (MK-CFC) in vitro, whereas the growth of erythroid (BFU-E) or granulocyte-macrophage (GM-CFC) colonies was unaffected. ' Recently several groups identified a ligand for c-mpl, termed thrombopoietin (Tpo), mpl-ligand or MGDF.6-9 Mouse and human cDNAs encoding MGDF have been cloned and recombinant MGDF protein produced. MGDF stimulates the formation of colonies of pure megakaryocytes in vitro.'"' In vivo treatment of Balb/c mice with recombinant mouse MGDF at 50 ng/d resulted in a greater than fourfold increase in circulating platelet levels after 7 days of administration.' Another study examined the effects of MGDF in immune thrombocytopenic mice.6 Mice in rebound thrombocytosis, injected with partially purified MGDF, exhibited and a 20% increase in platelets compared with control mice. ' To determine the biologic effect of chronic high levels of MGDF, we transplanted lethally irradiated mice with bone marrow (BM) cells expressing murine MGDF via retroviral mediated gene transfer. This study documents the effect of MGDF overexpression on recovery of hematopoiesis after BM transplantation (BMT) and subsequent persistent thrombocytosis in these animals.
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MATERIALS AND METHODS
Construction and Characterization of MGDF Retrovirus
A full-length murine MGDF cDNA (encoding a predicted primary translation product of 356 amino acids) was isolated by screening a mouse fetal liver cDNA library (Clontech, Palo Alto, CA) with a partial reverse transcriptase-polymerase chain reaction (RT-PCR) clone from adult mouse liver RNA? The 1.5-kb insert was cloned directly into the EcoRI site of pMSCV2.2" under the transcriptional control of the viral LTR promoter, resulting in the plasmid pMGDF-MSCV. MSCV vector (murine stem cell virus) was derived from MESV (murine embryonic stem cell virus) and contained a neomycin Columbia University, New York, NY). Ten to 12 G418 (0.75 mg/ mL, 67% active; GIBCO, Grand Island, NY) resistant clones were selected from each electroporated population and titered by infection of NIH3T3 cells, as de~cribed.'~ Clones with the highest G418 resistant titer were expanded and frozen as aliquots. Each BM infection and transplantation experiment used the same frozen aliquots as virus producers.
BM infection and transplantation. Eight-to 12-week-old male (C57BL/6J X DBN2J) F1 (BDFI) mice were used as BM donors. Female BDFI mice were used as recipients. All mice were purchased from Charles River Laboratories (Wilmington, MA) and housed under specific pathogene-free conditions in the Amgen vivarium.
BM cells were obtained from femurs and tibias of mice 4 days after 5-fluorouracil (5-FU) treatment (150 mg/kg). BM cells (6 x 105/mL) were incubated in 100-mm or 150-mm tissue culture dishes containing fresh viral supernatant, 15% fetal bovine serum (FBS), 6 pg/mL polyhrene, 0.1% bovine serum albumin (BSA), 2.5 ng/ mL recombinant murine interleukin-3 (rmIL-3) 1 0 0 ng/mL each of recombinant human (rh) IL-6, rhIL-11, and recombinant rat stem cell factor (rrSCF). Culture media were replaced daily for 3 or 4 days with fresh virus-containing supernatant and growth factors. Virus-producing cells were grown in 175-cmZ tissue culture flasks in Iscove's modified Dulbecco's medium (IMDM) plus 10% FBS at 37°C. When the cultures were 50% confluent, they were switched to 33°C for virus production. Virus-producing cultures were at 90% confluency after 4 harvests at 24-hour intervals. At the end of the infection period, total nonadherent and adherent cells were harvested, washed, and resuspended in 1% BSA saline and transplanted into y-irradiated (9.5 Gy, C S '~~) mice. After reconstitution, mice were sampled weekly by retro-orbital bleeding. The 50 to 70 pL of blood sampled from each mouse was diluted (1:3 or 1:2) with 1% BSA saline and analyzed on a Technicon HIE blood analyzing system (Miles Inc, Tarrytown, NY).
Colony Assay
BM cells (2.0 to 5.0 X 104/mL) and spleen cells (1.0 to 3.0 X 105/mL) were plated in 1.0 mL IMDM plus methyl cellulose containing 10% FBS, 1% BSA, lipids, transferrin, i n s~l i n , '~. '~ 2.5 ng/ mL rmIL-3, 2.5 ng/mL rhIL-10, 100 ng/mL rrSCF, 100 ng/mL rhIL-6, 100 ng/mL rhIL-11, and 2 UlmL rh erythropoietin (rhEpo). Colony-forming unit-erythroid (CFU-E) colonies were scored at day 2, and erythroid, granulocytelmacrophage, or multilineage colonies were scored at day 9.
Analysis of the Expression of Provirus
Single-colony PCR analysis. In transplanted animals, the proportion of hematopoietic precursors carrying the provirus was evaluated by single-colony PCR analysis with neo-specific primers. Granulocytdmacrophage and multilineage colonies were picked from day 9 methyl cellulose cultures and processed individually. DNA was then amplified by PCR with two sets of primers, neo primers (5'-tga atg aac tgc cgg acg ag, and 3'-gtc aag aag gcg ata gaa gg) and platelet-derived growth factor B receptor (PDGF BR)-specific primers, resulting in a 613-bp and a 750-bp fragment, respect i~e l y . '~. '~ PDGF BR acted as an internal control for PCR amplification. Conditions for PCR amplification have been described previously."
Northern analysis. Total RNA was extracted from BM cells and spleen cells of reconstituted animals using a modification of the guanidiniumkesium chloride method." Briefly, cell suspensions were lysed with guanidinium isothiocyanate solution (4.5 m o m GTCN, 50 mmol/L sodium citrate (pH 7.0), 0.5% (wt/vol) sodium sarcosyl, 5% (vol/vol) 0-mercaptoethanol) on ice. Lysates were sonicated to disrupt genomic DNA. Lysates were spun through a cushion of CsCl (5.7 Denhardt's, 0.05% sarcosyl, 300 pg/mL salmon sperm DNA) at 63°C for 1 hour. Membranes were then probed with a random hexamer-primed (Pharmacia, Piscataway, NJ), [(r-'2P] dCTP-labeled MGDF cDNA probe in Stark's buffer at 63"C, overnight. Probed blots were sequentially washed to high stringency (0.1 X SSC, 0.5% SDS, 63°C) and exposed to x-ray film (X-OMAT AR; Eastman Kodak CO, Rochester, NY).
Bio-Assay for MGDF
MGDF activity in platelet-poor plasma and spleen cell conditioned medium of reconstituted animals was measured by 32D/Mpl+ assay as described previo~sly.~ 32DIMpl cells were engineered to carry the full-length murine c-mpl cDNA sequence and are dependent on the presence of either murine IL-3 or MGDF to survive in culture. One unit of MGDF activity is defined as the amount required to support 20% viability of 32D/mpl+ cells after 2 days of incubation in the absence of mIL3, at an initial inoculum of 1,000 cells per Terasaki microtiter well. One unit of MGDF activity is approximately equal to 0.5 pg of purified recombinant MGDF protein in this assay.
Histological Analysis
For histologic analysis, MGDF overexpressing mice (n = IO), killed at 7 and 10 weeks after BMT, were assessed. The control groups included normal, age-matched, nontransplanted mice (n = 5), mice transplanted with nontransfected BM (n = 5), and mice transplanted with BM cells transfected with the MSCV vector sequence alone (n = 10). Unless otherwise noted in the text, control mice refers to those animals transplanted with BM infected with the MSCV vector alone. Whole bone radiographs were obtained on two control (MSCV vector) and three MGDF overexpressing mice at 11 weeks posttransplant using a Faxitron X-ray cabinet (Buffalo Grove, IL) and Kodak X-OMAT-TL film.
For standard organ histology, tissues (brain, lung, heart, thymus, spleen, liver, pancreas, trachea, esophagus, stomach, small and large intestine, ovaries, uterus, adrenal gland, kidney, bladder, bone, BM, skin, and skeletal muscle) were fixed in zinc formalin. For bone and BM histology, femurs were decalcified using an 8 N formic acid: I N sodium formate (1 : 1) solution after formalin fixation. The tissues were then processed using standard histologic methods to yield 3-mm paraffin sections that were subsequently stained with hematoxylin and eosin. The bone sections were analyzed histochemically using Masson's trichrome and Gomori's reticulum stains." Enzyme histochemistry for tartrate resistant acid phosphatase was performed using a kit (Sigma kit no. 387-A; St Louis, MO). To enhance the identification of megakaryocytes and platelets, immunohistochemistry for von Willebrand factor (vWF Dako, Carpinteria, CA) was also performed using an automated immunostainer (Biotek, Santa Barbara, CA).
RESULTS
Generation of MGDF Overexpressing Mice
Four-day post 5-FU murine BM cells were cultured in the presence of recombinant retroviral particles, as described in Materials and Methods. Parallel cultures were infected with virus derived from the parental vector, MSCV, or the MSCV vector that also expressed murine MGDF cDNA from the viral LTR (Fig 1) . absence of G418 (Table 1 ). The infection efficiency of hematopoietic progenitors with the parental vector was 55% t lo%, and the efficiency of infection with the MGDF vector was 52% 5 4%. More than 95% of precursor cells were G418 resistant when cultures were selected with G418 for an additional 48 hours at the end of infection (data not shown). Lethally irradiated, syngeneic recipient mice were transplanted with 4 to 10 X lo6 cells and analyzed further to assess reconstitution with vector-infected cells, expression of vector-encoded MGDF, and the consequence of chronic MGDF over-expression.
In vivo reconstitution of hematopoiesis with proviruscontaining cells was assayed at 7 weeks posttransplantation by FCR analysis for the vector-encoded ne0 gene in GM-CFC cultured from the BM, spleen and peripheral blood (PB) of recipient animals ( Table 2 ). In control recipients, 65% of GM-CFC from the BM contained the ne0 gene indicative of provirus integration. In MGDF overexpressing mice, 73% of GM-CFC from the BM; 80% of GM-CFC from the spleen and 81% of GM-CFC fmm the PB were positive for the ne0 gene.
Northern analysis of total RNA prepared from spleen cells and BM cells of recipient animals (7 weeks posttransplantation) showed the presence of the expected 4.5-kb MGDF mRNA transcript in the MGDF overexpressing mice, whereas the control mice had no detectable MGDF mRNA expression (Fig 2) . Functional MGDF protein was assayed in the plasma of recipient animals as a function of time posttransplantation, using the 32D/mpl+ bioassay.' No MGDF activity was detected in the plasma of animals before irradiation and transplantation, but detectable levels were observed in all animals posttransplantation (Fig 3A) . MGDF levels in MGDF overexpressing mice were 15-fold and 27-fold increased compared with control animals at day 7 and day 14 posttransplantation, respectively. Plasma MGDF levels decreased sharply after day 7 and were undetectable after day 28 posttransplantation. However, conditioned medium harvested from cultured 10-week posttransplantation spleen cells (from MGDF overexpressing mice,) had 52-fold increased MGDF bioactivity compared to control cells ( Fig  3B) . The MGDF activity in the spleen cell conditioned medium was completely neutralized by addition of soluble mpl receptor (Fig 3B) , demonstrating the specificity of this bioassay and the production of functional MGDF protein in MGDF overexpressing mice at 10 weeks posttransplantation.
Thrombocytosis in MGDF Overexpressing Mice
After transplantation of infected BM cells, peripheral blood (PB) was analyzed weekly. MGDF overexpressing mice had rapid platelet recovery after transplantation and reached preirradiation levels at about 10 days (Fig 4A) . In contrast, control mice required about 4 weeks for platelet levels to return to 80% preirradiation levels posttransplantation. Animals transplanted with uninfected BM reached the same platelet levels and with kinetics similar to the vectorinfected controls (data not shown). Platelet counts continued to increase in the MGDF overexpressing mice and plateaued at 5 weeks posttransplantation at platelet counts of over 5,000 X 106/mL. These animals maintained elevated platelet counts over 4,000 x 106/mL for more than 16 weeks posttransplantation (data not shown). Control mice, after their return to normal postirradiation levels, maintained stable platelet levels for the duration of the experiment. In total, 117 MGDF overexpressing mice were evaluated and all had elevated platelet counts, ranging from fourfold to eightfold higher than control mice. None of the 55 control mice had increased platelets. Normal function was shown for platelets from MGDF overexpressing mice using a thrombin-dependent platelet clotting assay (data not shown). Red blood cell (RBC) counts in MGDF overexpressing mice tended to decrease after 3 weeks of reconstitution, with 20% to 30% reduction compared with control mice (Fig 4B) . This decrease was associated with decreased hematocrit and hemoglobin concentration (data not shown). No significant difference was observed in PB white blood cell ( W C ) counts between MGDF overexpressing and control mice (Fig 4C) .
Progenitor Cell Analysis of MGDF Overexpressing Mice
Two groups of mice were killed and analyzed at 7 and 10 weeks posttransplantation. Mice analyzed at 7 weeks received BM cells that underwent 3-day viral infection. Mice analyzed at 10 weeks received BM cells that had additional 2-day of G418 selection at the end of viral infection. Hematopoietic progenitor cells were examined in the BM, spleen, and PB of MGDF overexpressing mice and control mice (Table 3) . CFU-E in the BM of MGDF overexpressing mice were greatly reduced 166-fold compared with control mice. An increase in the frequency of BFU-E, GM-CFC, CFCmulti, and MK-CFC was obtained in MGDF overexpressing mice. However, because of the reduced cellularity (4.6-fold decrease at 7 weeks posttransplantation), absolute numbers of these progenitor cells were decreased in the BM of the MGDF overexpressing mice compared with control mice. In contrast, spleens of MGDF overexpressing mice had elevated progenitor cells with 5.7-, 11-, 40-, 28-, and (Table 3) . Progenitor cell analysis of mice killed at I O weeks posttransplantation showed similar results (data not shown). These data demonstrated that MGDF overexpressing mice had reduced hematopoiesis in the BM. especially depletion of CFU-E. but these animals had extensive extramedullary hematopoiesis in the spleen and greatly increased circulating progenitors in the PR. Apart from animals killed for histologic analysis. a l l the mice from both the MGDF overexpressing group and the control group were alive and healthy with no obvious physical changcs up to more than 4 months posttransplantation. On analysis. thc MGDF ovcrcxpressing mice had enlarged spleens (2 to 3 timcs by weight and onefold to threefold by volume) compared to control mice. However. no difference was observed in total nucleated cells recovered per spleen. As shown in the photomicrographs in Fig S, the spleens from the MGDF overexpressing group had marked numbers of megakaryocytes that frequently exhibited endomitotic activity. Cytologically. the megakaryocytes were quite heterogeneous in appearance (Fig SB) . Most of the cells could be conventionally classified as type I1 cells." however. the nuclei of these cells were markedly pleomorphic, hyperlobulated and enlarged. and the amount of associated cytoplasm was variable. Naked megakaryocyte nuclei. often with degenerative features. were commonly found. The splenic megakaryocytes in both the control and MGDF overexpressing groups stained positively for vWF (Fig SC and D) . In addition to verifying the marked megakaryocyte increase in MGDF overexpressing mice. the vWF immunohistochemistry showed a marked increase of platelets in the red pulp. The spleen in the MGDF overexpressing group also contained foci of both erythropoiesis and myclopoiesis (Fig SB) . In the livers of the mice from the MGDF overexpressing group. numerous megakaryocytes and foci of erythropoiesis and myelopoiesis were also found (data not shown). Occasional islands of megakaryopoiesis were also observed in the sinuses of lymph nodes from the MGDF mice (data not shown). In a l l of the other tissucs in MGDF overexpressing animals. intrwascular platelets were markedly clcvatcd. lmportantly, no evidencc of ischemic damage to any of the organs was observed. In the lung, in addition to increased number of platelets. large irregularly shaped hematoxyphilic structures, morphologically consistcnt with mcgakaryocyte nuclei, were frequently observed in the alveolar capillary lumenac (data not shown).
Thc BM from MGDF overexprcssing rnicc wcrc quite pale on harvest. likely because of decreased erythropoiesis. BM harvests became more difficult at IO weeks posttransplantation because needles used to ream the marrow space could not be introduced into the mcdullary space, perhaps because of the presence of fibrous or other solid tissue. Femoral radiographs of MGDF overexpressing animals (Fig 6 R ) showed a blurring of the usually distinct margin (Fig 6A) that exists between the diaphyseal cortical bone and medullary compartment. Atlditionally. the femurs appcarcd more radiodense in the MGDF overexpressing animals. Histologic cxamination of the femurs from thc MGDF ovcrcxprcssing mice I O weeks posttransplantation showed that thc normal marrow elements had been almost completely replaced by 21 combination of new bone trabeculac and ;I fibrotic marrow containing numerous megakaryocytes (Fig 6C through F) . The new bone trabeculae merged with the cortical bone. thereby obscuring the usually clear demarcation of the endosteal surface of the cortical bone from the marrow cavity (Fig 6D) . The periostcum was not impacted in the MGDF overexpressing micc. At higher magnification. the nonosseous marrow from the MGDF overexpressing mice appeared fibrotic with diminished levels of both erythropoiesis and myelopoiesis. In contrast. megakaryopoiesis was prominent (sec inset, Fig 6F) . The nonosseous connective tissue in thc marrow from the MGDF overexpressing mice did not stain well with the Masson's trichromc stain (data not shown). However, reticulin stains showed a marked level of reticulin deposition in the marrow spacc of the MGDF overexpressing mice (Fig 6H) . In areas where ncw bone trabeculae wcre found, the bone matrix was almost entirely surfaced by large active osteoblasts (data not shown). In various other foci, cement lines, irrcgular trabecular surface contours. and multinucleated. tartrate-resistant acid phosphatase positive cells consistent with osteoclasts could be found. suggesting that the new bony trabeculae were being focally resorbed and replaced. In support of this contention, polarization microscopy of the bone (data not shown) formed in the MGDF overexpressing mice demonstrated both woven and lamellar matrix, consistent with a bone-forming process involving both de novo bone synthesis and remodeling.
Transplantation of Spleen Cells From MGDF Overexpressing Mice Into Secondary Recipients
Spleen cells (1.5 X IO7) from 10 MGDF overexpressing mice, killed at 7 or 10 weeks posttransplantation, were transplanted into 25 secondary lethally irradiated mice. BM cells (5 X lo6) from control mice were also transplanted into secondary recipients (Fig 7) . Transplantation of the same number of spleen cells from control mice to secondary lethally irradiated mice resulted in only 30% survival at 3 weeks (data not shown). All mice transplanted with spleen
For Mice were analyzed at 7 weeks posttransplantation, Table shows the number of precursors in the BM, spleen, and PB. Results are mean i:1 SEM and indicate the numbers of colonies per femur, per spleen, and per milliliter of blood, respectively. "-" or "+" indicates a decrease or an increase, respectively. P value was obtained by t-test. n, number of mice.
cells from MGDF overexpressing mice were alive at 18 weeks. Platelet levels in these animals increased with slower kinetics compared with the primary recipients and plateaued at approximately 3,500 X 106/mL. No differences were observed in RBC and WBC counts or other hematopoietic lineages. These results showed sustained overexpression of MGDF for over 18 weeks in the primary and secondary reconstituted animals by retroviral-mediated gene transfer and the specificity of the MGDF effect for the megakaryocyte lineage.
DISCUSSION
In this report we have evaluated the effect of chronic exposure to MGDF in mice. Similar methodologies have been used to study other hematopoietic growth factors. Unlike the fatal disease and tissue damage occurring in mice with excess levels of GM-CSF or L-3,"" chronic elevations of MGDF levels did not lead to premature death in animals up to the 4 months of evaluation reported here. The primary histology noted in the tissues of MGDF overexpressing mice was the marked stimulation of megakaryopoiesis with high numbers of megakaryocytes in the BM, spleen (contributing to organ enlargement), liver, and lymph nodes. Consistent with the increased megakaryocyte numbers, platelet levels were increased fivefold in the blood. This elevation persisted for 16 weeks or longer. The rate of recovery of platelet levels For personal use only. on October 30, 2017. by guest www.bloodjournal.org From show the clear demarcation between the cortical bone and medullary marrow space in control animals, which is not present in MGDF overexpressing mice. In (G), the arrowhead denotes a bone trabeculum, and the arrowhead in (H) is directed at a typical argyrophilic reticulum fiber. The photomicrographs were taken with the 4 x objective in (C) through (F), except for the insets in (E) and (F), which used a 40x objective. The photomicrographs of the reticulum stains (G and H) were prepared using the 4Ox objective. i after transplantation is consistent with unpublished data we have generated using daily injection of human MGDF in irradiated and transplanted mice. Mice injected daily with MGDF reached preirradiation levels 6 to 8 days faster than carrier controls. A similar effect was seen in this study, demonstrating that the MGDF overexpressing mice represent a valid model of chronic MGDF administration.
Our study also raised another interesting issue that remains to be addressed: ie, the regulation of platelets by MGDF. After transplantation, platelet number in MGDF overexpressing mice increased after 1 week and reached a plateau at 4 to 5 weeks and maintained these high levels (Fig 4A) . MGDF activity in plasma was the highest at 1 week but decreased sharply and was no longer detected at 4 weeks. However, conditioned media from spleen cells of MGDF overexpressing mice killed at 10 weeks clearly showed that MGDF was still being produced but undetected in circulation. The most likely hypothesis is that high levels of platelets bind circulating MGDF. Alternatively, soluble mpl receptor in the circulation may also play a role in binding MGDF.
Intravascular platelets were also noted in other organs including the lung (data not shown). Whether the platelets were trapped or shed from circulating megakaryocytes remains to be determined. The only significant effect noted on other hematopoietic lineages was a decrease in RBC counts associated with decreased hemoglobin and hematocrit levels. Whether this a direct effect of MGDF or a secondary mecha- 
Weeks post transplantation
nism is unknown. Increased numbers of hematopoietic precursors in spleens and periphery in MGDF overexpressing mice are most likely a result of reduced hematopoiesis in the BM but a shift to extramedullary sites.
Interestingly, the BM of MGDF overexpressing mice showed myelofibrosis and osteosclerosis confined to the medullary cavity. Osteoclasts and evidence of bone remodeling were present, indicating that osteoclast formation from hematopoietic precursors was not completely abrogated in these mice. MGDF could potentially target nonhematopoietic cells, such as endothelial cells, which subsequently release bone and stromal cell growth factors locally. However, it is most likely that the myelofibrosis and osteosclerosis is an indirect effect due to the marked expansion of megakaryocytes because c-mpl, the receptor for MGDF, is most highly expressed on hematopoietic cells.4," No evidence for fibrosis is seen in nonhematopoietic, nonmegakaryocyte-containing, but vessel-rich, organs such as the kidney in the MGDF overexpressing animals. Clinically, myelofibrosis has been associated with increased marrow megakaryocytes and it has been postulated that growth factors released from megakaryocytes, such as PDGF and/or transforming growth factor-P (TGF-P), may be responsible for the development of the myelofibro~is.~~-~~ It is possible that these factors stimulate stromal cells and osteoblasts. PDGF-BB, in particular, appears to stimulate endosteal bone formation and a "myelofibrosis-like'' change in the BM of rats (D. Lacey, Amgen Inc, unpublished data, August 1994). TGF-P also simulates new bone formation when administered in vivo.29 Furthermore, both PDGF and TGF-P have been suggested as etiologic factors in idiopathic myelofibrosis."," Because megakaryocytes synthesize a wide range of mediators that could target the skeleton, other factors could, of course, be involved. These animals may offer a model for myelofibrosis and/or osteosclerosis to study the basis of the disease and potential therapeutic treatment.
Although the underlying cause of the myelofibrosis and osteosclerosis seen in the MGDF overexpressing mice is unknown, it is unlikely that any similar effects will be seen clinically in humans. Most uses of MGDF will probably involve short-term injections of low doses to overcome severe thrombocytopenia. In addition, megakaryocyte levels in the BM will be low after chemotherapy. Even though mice injected with MGDF develop myelofibrosis, this condition recedes once the factor is withdrawn (Del Castillo and Ulich, Amgen Inc, unpublished data, March 1995). Furthermore, rhesus monkeys given doses of MGDF resulting in an approximately 8-to 10-fold elevation of platelet levels over a 28-day treatment did not show any fibrotic effects in the BM (T. Kirley, Amgen Inc, unpublished data, March 1995) and when normal, nonhuman primates are administered up to lOOX the maximally effective dose of MGDF per day for 28 days, no evidence of BM fibrosis was observed." Therefore, the present data suggest that MGDF is a primary stimulator of megakaryopoiesis in vivo with limited effect on other hematopoietic lineages. The data also suggest that carefully controlled administration of MGDF might be useful in the clinical management of patients recovering from thrombocytopenia induced by cytoablative therapies (radiotherapy or chemotherapy). That MGDF had no effect on neutrophilic recovery further suggests that MGDF and G-CSF may potentially be combined to provide for rapid recovery of both platelets and neutrophils.
